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Testicular torsion is a pathologic condition that renders
the testis ischemic, and surgical intervention is usually
required to re-establish blood flow [1]. Although the
basic pathological mechanism underlying testicular
injury is not completely understood, it has been shown
that reactive oxygen species (ROS), formed during
ischemia/reperfusion (I/R), play an important role
in this process [2,3]. Identification of pharmacologic
agents, administered as an adjunctive therapy to sur-
gical repair for rescuing the testis from I/R injury, is a
clinically important goal [4–6].
Phosphodiesterase type 5 (PDE5) inhibitors, such
as sildenafil, tadalafil and vardenafil, are a new class
of vasoactive drugs that have been developed for the
treatment of erectile dysfunction [7,8]. The expression
of PDE5 in vascular smooth muscle and in platelets
has been demonstrated [9]. Several studies have been
published recently and indicate that vardenafil may
exert a powerful cardioprotective effect against I/R
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We investigated the effect of intraperitoneal vardenafil (1 mg/kg) administration during an
ischemic period in a rat model of testicular torsion/detorsion (T/D). Twenty-one adult Wistar rats
were equally randomized into a control group, a T/D group and a vardenafil group. The control
group was designed to collect basal values for biochemical and histopathological parameters.
The T/D group underwent testicular torsion for 1 hour. The vardenafil group received vardenafil
(1 mg/kg) intraperitoneally at 30 minutes after torsion. All rats were sacrificed 4 hours after reper-
fusion to evaluate the tissue levels of malondialdehyde and total antioxidant status. Germ cell
apoptosis was evaluated using the apoptosis protease activating factor 1 antibody in all groups.
The expressions of endothelial nitric oxide synthase (NOS) and inducible NOS were also assessed
in both testes of all rats. The malondialdehyde levels in the T/D group were significantly higher
than in the control and vardenafil groups. There were also significant decreases in total antioxidant
status in the T/D group compared with the control and vardenafil groups. Vardenafil treatment
significantly reduced apoptosis protease activating factor 1, endothelial NOS and inducible NOS
levels in the vardenafil group compared with the T/D group. Administration of 1 mg/kg varde-
nafil during testicular torsion decreased ischemia/reperfusion cellular damage. Our results indi-
cate that the reduction in oxidative stress by vardenafil may play a major role in its cytoprotective
effects.
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injury in animal models [10,11]. Furthermore, it has
been shown that the administration of sildenafil may
also be useful against ischemic injury in other organs
such as the liver, colon and brain [12–14]. All of these
studies administered sildenafil before ischemia as 
a pharmacologic preconditioning and, to our knowl-
edge, the effects of vardenafil administered after
ischemic insult has not been comprehensively inves-
tigated. The aim of this study was to investigate the
anti-ischemic properties of vardenafil administered
after ischemia in a rat model of testicular torsion/
detorsion (T/D). It is also clinically important to find
a drug that can be used before testicular detorsion to
reduce testicular damage.
MATERIALS AND METHODS
Twenty-one adult Wistar rats weighing 240–260 g,
were randomized equally into a control group, a T/D
group and a vardenafil group. All animals were treated
humanly and in compliance with the recommenda-
tions of the animal care committee of the university
and the Principles of Laboratory Animal Care (NIH pub-
lication No. 85-23, revised 1985).
Each surgical procedure was done under general
anesthesia induced by intraperitoneal injection of
ketamine HCl (60 mg/kg). The testis was rotated, as
described by Lysiak et al [15]. Using sterile procedures,
the right testes were exteriorized through a low mid-
line laparotomy. The gubernaculum was divided and
the remaining testicular and scrotal stumps were con-
nected by a loose 4-0 silk suture. The membrane con-
necting the epididymis to the testis was divided to
the level of the testicular hilum, and the right testis
was rotated 720°. The laparotomy was closed and the
testis was left in torsion for 1 hour. Then, the torsion
was repaired by opening the laparotomy, counter-
rotating the testis to the natural position, and joining
the gubernacular stumps with a 4-0 silk suture. At
the time of repair, the testes were always examined to
ensure that the testes had remained in torsion, and the
testes were scored qualitatively for ischemic appear-
ance. Additionally, the testes were examined 5 minutes
after counter-rotation to estimate the quality of reper-
fusion. The testes were returned to the scrotum until
the time of tissue collection. Malondialdehyde (MDA),
total antioxidant status (TAS), apoptosis protease
activating factor 1 (APAF1), endothelial nitric oxide
synthase (eNOS) and inducible nitric oxide synthase
(iNOS) levels were measured in the bilateral testes of
seven animals in each study group, which were
excised 4 hours after starting the reperfusion. Rats in
the vardenafil group were intraperitoneally adminis-
tered with 1 mg/kg vardenafil after 30 minutes of
torsion. In the control group, bilaterally orchiectomy
was performed and the basal levels of MDA, TAS,
APAF1, eNOS and iNOS were measured in the testic-
ular tissue.
Biochemical analysis
All tissues were washed twice with cold saline solu-
tion, placed into glass bottles, labeled and stored at 
−80°C until processing. The testes tissues were ho-
mogenized for 2 minutes at 5,000 revolutions/minute 
in 10 volumes of 150 mM ice-cold KCl using a glass
Teflon homogenizer (Ultra Turrax T18 Basic; IKA
Werke GmbH & Co. KG, Staufen. Germany) after cut-
ting the tissues into small pieces with scissors. The
homogenate was then centrifuged at 5,000g for 15 min-
utes. The supernatant was used for the analysis. High-
performance liquid chromatographic (HPLC) analysis
was performed using a Shimadzu HPLC system
(Kyoto, Japan) with an MDA kit (Immundiagnostik
AG, Bensheim, Germany). Spectophotometric mea-
surement of TAS (Randox, Crumlin, UK) was per-
formed using a Shimadzu UV-1601 spectrophotometer.
Histopathological examinations
All testes specimens were fixed in 10% neutral buffered
formalin and embedded in paraffin. Five-μm-thick
sections were cut from the tissue blocks. The sections
were then stained with hematoxylin-eosin for his-
topathological examination. The stained slides were
evaluated for maturation of spermatogenesis, which
was graded as necrosis, Sertoli cells, maturation arrest
of spermatogenesis, hypospermatogenesis, and nor-
mal spermatogenesis in all testis tissues. For immuno-
histochemical staining, paraffinized sections were
prepared; after deparaffinization, the sections were
stained with labeled with streptavidin/biotin. Germ
cell apoptosis was evaluated using the APAF-1 anti-
body (Lab Vision Corp., Neomarkers, CA, USA). iNOS
and eNOS were evaluated using iNOS Ab-1 and eNOS
Ab-1 antibodies (Lab Vision Corp.), respectively. For
each group the number of stained cells was counted
in 100 tubules. Only circular tubular cross sections
were used in these procedures.
Kaohsiung J Med Sci July 2009 • Vol 25 • No 7376
B. Erol, H. Tokgoz, V. Hanci, et al
Statistical analysis
Statistical analysis was performed using SPSS ver-
sion 12.0 (SPSS Inc., Chicago, IL, USA) for Windows.
All data are expressed as mean ± standard deviation.
Mann-Whitney’s U test and χ2 tests were used for
statistical analysis of data between groups. A p value
of < 0.05 was considered statistically significant.
RESULTS
The MDA levels were significantly increased in the
T/D group versus the control group (p < 0.05). The
MDA levels in the vardenafil group were significantly
lower than that in the T/D group (p < 0.05), and there
was no significant difference in MDA levels between
the vardenafil and control groups (p > 0.05) (Table 1).
TAS was significantly lower in the T/D group com-
pared with the control and vardenafil group (p < 0.05)
(Table 1).
Severely damaged seminiferous tubules with
necrosis of germ cells were observed in four testes
(57%) in the T/D group and in only one testis in the
vardenafil group (Table 2) (Figure 1A). Hypospermato-
genesis was seen in six rats in the vardenafil group
(85.7%) (Table 2) (Figure 1B). The histopathological
features are shown in Table 2.
Germ cell apoptosis indices were significantly
higher in the T/D group versus the vardenafil group
(Table 1) (Figure 1C). The rats treated with vardenafil
showed significantly decreased apoptotic cells (Figure
1D). The level of MDA was 1.01 ± 0.14 μmol/g protein
in the untreated testes in the T/D group and 0.33 ±
0.06 μmol/g protein in the control group (p < 0.05).
The level of TAS was 0.21 ± 0.18 mmol/g protein in
the untreated testes in the T/D group and 0.48 ±
0.16 mmol/g protein in the control group (p < 0.05). 
In the untreated testes in the vardenafil group, the
MDA and TAS levels were 0.46 ± 0.14 μmol/g protein
and 0.36 ± 0.017 mmol/g protein, respectively, and
were significantly different from those in the control
group (p < 0.05). The APAF1, eNOS and iNOS levels
were similar in the untreated testes in all three groups
(p > 0.05). The eNOS and iNOS levels were signifi-
cantly higher in the T/D group compared with the
control and vardenafil groups (Table 1; Figure 2).
Vardenafil treatment significantly reduced the levels
of eNOS and iNOS compared with the T/D group.
DISCUSSION
Testicular torsion is a surgical emergency that requires
immediate diagnosis and intervention. Surgical detor-
sion should be done promptly to avoid loss of function
Table 1. Tissue malondialdehyde, total antioxidant status, endothelial nitric oxide synthase, inducible nitric oxide 
synthase and apoptosis protease activating factor 1 levels*
Group
MDA (μmol/g TAS (mmol/g 
eNOS iNOS APAF-1
protein) protein)
C (n = 7) 0.33 ± 0.06 0.48 ± 0.16 1.29 ± 0.49 1.28 ± 0.95 12.19 ± 1.55
T/D left untreated (n = 7) 1.01 ± 0.14abc 0.21 ± 0.18abc 1.42 ± 0.53 1.48 ± 0.48 12.85 ± 2.03
T/D (n = 7) 2.06 ± 0.39def 0.2 ± 0.22df 6.90 ± 3.17d 6.04 ± 3.28def 28.83 ± 7.49def
V left untreated (n = 7) 0.46 ± 0.15 0.37 ± 0.17 1.42 ± 0.78 1.42 ± 0.53 12.24 ± 1.57
V (n = 7) 0.47 ± 0.2g 0.43 ± 0.12g 4.43 ± 1.81cghi 3.14 ± 1.06cghi 23.29 ± 6.29cghi
*Results are mean ± standard deviation. Mann Whitney U test: ap < 0.05 (Group C vs. Group T/D left untreated); bp < 0.05 (Group T/D
left untreated vs. Group V left untreated); cp < 0.05 (Group V vs. Group T/D left untreated); dp < 0.05 (Group C vs. Group T/D);
ep < 0.05 (Group T/D vs. Group T/D left untreated); fp < 0.05 (Group T/D vs. Group V left untreated); gp < 0.05 (Group V vs. Group
T/D); hp < 0.05 (Group V vs. Group C); ip < 0.05 (Group V vs. Group V left untreated). MDA = malondialdehyde; TAS = total antioxi-
dant status; eNOS = endothelial nitric oxide synthase; iNOS = inducible nitric oxide synthase; APAF-1 = apoptosis protease activating
factor 1; C = control; T/D = torsion/detorsion; V = vardenafil.
Table 2. Histopathological evaluation in all groups
Group Group Group
C T/D* V†‡
Necrosis 0 4 1
Sertoli cells only 0 0 0
Maturation arrest 0 2 0
of spermatogenesis
Hypospermatogenesis 0 1 6
Normal spermatogenesis 7 0 0
χ2 test: *p < 0.05 (Group C vs. Group T/D); †p < 0.05 (Group V
vs. Group T/D); ‡p < 0.05 (Group V vs. Group C). C = control;
T/D = torsion/detorsion; V = vardenafil.
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of the ipsilateral testis. Testicular detorsion (reperfu-
sion) may cause further damage [16–22]. Reperfusion
injury is caused by the generation of toxic oxygen
free radicals with the return of blood flow following
ischemia. These free radicals can react with lipids in
the cell membranes and initiate lipid peroxidation,
which is responsible for the I/R injury. Identifying
therapeutic applications to rescue the testis from I/R
injury and preserving it from other forms of oxida-
tive stress are potentially useful. To date, a number of
chemicals and drugs, such as oxygen radical scav-
engers, have been successfully used to reduce I/R
injury in animal models of testicular torsion, but few
of these chemicals or drugs are currently in clinical
use [23].
Vardenafil is a selective PDE5 inhibitor, which has
been demonstrated in vitro to be 10-fold more potent
and acts more quickly than sildenafil at inhibiting
PDE5 [24]. Vardenafil has a similar duration of action
to sildenafil but is biochemically more selective. It has
also been shown in clinical trials to have a high effi-
cacy and low adverse event profile [24]. A number 
of recent studies have demonstrated that PDE5 in-
hibitors strongly protect the heart and other organs
against I/R injury in several animal models that
extends beyond their therapeutic capacity for treat-
ment of erectile dysfunction [11,25–29]. Salloum et al
had reported that sildenafil and vardenafil induce a
powerful preconditioning-like cardioprotective effect
against I/R injury by opening mitochondrial KATP
channels in the heart [11,29].
These new indications and the usage profile of
these drugs led us to investigate their efficacy on I/R
injury of the testis. There is limited information about
A B
C D
Figure 1. (A) Severely damaged seminiferous tubules with necrosis of germ cells can be seen in the testicular torsion/detorsion group
(hematoxylin & eosin; original magnification, 200×). (B) Hypospermatogenesis can be seen in the vardenafil group (hematoxylin &
eosin; original magnification, 100×). Immunohistochemistry for apoptosis markers in: (C) the torsion/detorsion group shows multiple
apoptotic cells (arrows); and (D) the vardenafil group shows decreased numbers of apoptotic cells (arrows) (biotin–streptavidin,
diaminobenzidene; original magnification, 400×).
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the effect of PDE5 inhibitors on I/R injury after testic-
ular torsion, and the available data in this regard are
conflicting [4,6].
Ustün et al investigated the effects of the PDE5
inhibitors oral sildenafil and oral vardenafil (0.5 mg/
day) on I/R injury after testicular torsion in rats.
However, they reported that sildenafil and vardenafil
had no protective effect on testicular I/R injury [6]. In
contrast, Beheshtian et al reported that systemic
administration of sildenafil 30 minutes before detor-
sion could induce anti-ischemic effects in a rat model
of testicular torsion, as demonstrated by increased
levels of antioxidant enzymes and decreased MDA
levels and germ cell apoptosis indices [4]. Similarly,
in the current study, we demonstrated the beneficial
effects of intraperitoneal vardenafil (1 mg/kg) on I/R
injury in a rat model of T/D. In the article by Ustün
et al, each rat in the vardenafil group was orally
administered with vardenafil. However, in our study,
we administered vardenafil intraperitoneally. In addi-
tion, intravenous administration of vardenafil, as in
the study by Beheshtian et al, rather than oral admin-
istration, may significantly increase the testicular tis-
sue concentrations of vardenafil. This could explain
the difference in outcomes between the study by
Ustün et al and our study.
Neutrophils, macrophages and immature sperma-
tozoa are the major sources of ROS in the male repro-
ductive tract. Leukocyte production of ROS in the
setting of infection, ischemia and inflammation may
lead to the propagation of excessive ROS levels in the
surrounding tissues [30]. During reperfusion after
ischemia, the testicular tissue can counteract oxidative
stress by upregulating antioxidant defenses with anti-
oxidant enzymes [31]. The lower level of TAS in the
T/D group compared with the control and vardenafil
A B
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Figure 2. Endothelial nitric oxide synthase (eNOS) staining of germ cells (arrows) in the seminiferous tubules in: (A) the torsion/detorsion
group shows high eNOS expression; and (B) the vardenafil group shows decreased expression of eNOS. Inducible NOS (iNOS) staining
of germ cells (arrows) in the seminiferous tubules in: (C) the torsion/detorsion group shows high expression of iNOS; and (D) the vardenafil
group shows decreased expression of iNOS. (All: biotin–streptavidin, diaminobenzidene; original magnification, 400×).
groups in this study could be due to insufficient
upregulation of the enzymatic antioxidant defense of
testicular tissue [32]. MDA is the end product of lipid
peroxidation and is a well-known marker for free
radical formation in post-ischemic tissue. In our study,
the MDA levels in the testis tissues were significantly
decreased in the vardenafil group compared with the
T/D group. Similar results were reported in the study
by Beheshtian et al [4].
Germ cell-specific apoptosis is responsible for the
permanent loss of spermatogenesis in this rat model
of testicular T/D, and is induced by ROS arising
from reperfused leukocytes [33]. On the other hand,
ischemia leads to apoptosis and necrosis, which pro-
mote the release of intracellular cGMP. The protective
effects of PDE5 inhibition were recently shown to be
mediated by increased intracellular cGMP levels and
the activation of mitochondrial KATP channels either
directly or indirectly through a variety of signaling
pathways, such as activation of protein kinase C
[15,34]. Mitochondrial KATP channel opening may pre-
vent apoptosis, presumably by inhibiting the mito-
chondrial Ca2+ accumulation during ischemia [35].
This theory may explain the lower APAF1 levels in the
vardenafil group.
Kukreja et al initially reported that rabbits treated
with sildenafil or vardenafil had smaller infarct size
after I/R [9]. Salloum et al [10] and Ockaili et al [25]
reported that administration of sildenafil or varde-
nafil during reperfusion after lethal ischemia reduced
the myocardial infarct size via the activation of the
mitochondrial KATP channels. We propose that varde-
nafil administration reduces testicular necrosis after
T/D-induced I/R injury via a similar mechanism.
Increased expression of eNOS and iNOS in I/R
injury of the testis has been reported previously [6,36].
Overexpression of iNOS and eNOS, which produces
toxic levels of nitric oxide, has also been reported in
apoptotic germ cells of mice testis [37,38]. Zini et al
reported that the detection of strong immunostaining
in apoptotic germ cells supports a role of eNOS in
germ cell degeneration after testicular I/R, and sug-
gested that nitric oxide is associated with germ cell
apoptosis [19]. Similarly, we found a significant ele-
vation of iNOS and eNOS levels in the ipsilateral 
testicular tissues after I/R injury. Our results show
that vardenafil administration significantly reduced
eNOS and iNOS levels compared with the T/D
group.
In the present study, the time period for torsion was
shorter than 3 hours (the torsion period was 1 hour)
and this time was not sufficient to stimulate autoim-
mune mechanisms involved in contralateral testicular
damage [39]. We did not observe any histopathologi-
cal changes in these testes when compared with the
control group. However, the levels of MDA and TAS
were significantly different between the untreated
contralateral testes and the controls. These results may
depend on the early effects of I/R injury on biochemi-
cal parameters rather than histopathological changes.
In conclusion, we found that intraperitoneal
administration of vardenafil exerted anti-ischemic
effects in this rat model of testicular torsion as demon-
strated by increased total antioxidant enzymes levels
and decreased MDA levels, germ cell apoptosis in-
dices, and eNOS and iNOS levels. Further studies are
needed to exploit the potential utility of vardenafil
and other PDE5 inhibitors in testicular protection.
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